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SUMOVY GENERATOR TESLA BM 410 



INSTRUCTIONS FOR USE 

NOISE GENERATOR TESIA BM 410 




A — Meridlo udavajici sumovy vykon 
B — Konektor kabelu privadejiciho 
napajeci napeti sumove diode 
C — N&stavec s pracovnim odporem 
sumov^ diody 

D . — Sonda se sumovou diodou 
E — Knoflik pro regutaci sumov£ho 
vykonu — hrube 

F — Knoflik pro reguiaci sumov£ho 
vykonu — plynule 
G — Tlacitko zapmajlci zhavem 
sumove diody 
II — Sifovy vypinac 
I — Kontrolni zarovka 



A — Noise power indicator 
B — Connector for the cable of the 
noise diode powering voltages 
C — Adapter with the series resistor 
of the noise diode 
i) — Probe with the noise diode 
E — Noise power control — in steps 
(coarse) 

1/ — Noise power control — 
continuously (fine) 

G — Push-button switch of the noise 
diode heating 
H — Mains switch 
I — Pilot lamp 
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POUZlTl 

Sumovy generator TESLA BM410 je urcen pro mefem 
sumoveho cisla a mezni citlivosti ctyrpolu, zvlaste pri- 
jimacd a vf zesilovacu v kmitoctovem pasmu od 100 kHz 
do 250 MHz, 

DEFIN1CE POJMC: SUMOVE CISLO, MEZNl CITLIVOST 

Pro posouzeni sumovych pomerti ctyrpolu (spec, priji- 
macu a zesilovacCi) byly odvozeny dve velidiny, Sumov& 
clslo F a mezni eitlivost vykonova n. Qbe veliciny maji 
ciselne stejnou hodnotu a lisl se jenom rozmerem. 5u- 
move cislo F je bezrozmern§ nebo se udava v dB, mezni 
eitlivost vykonova n ma rozmer kTo. 

a) Sumove cislo F (napL pfijimace) 

je pomer celkoveho sumov£hq vykonu pfijimace 
k sumov£mu vykonu anteny, a to vztazeno oboje bud' 
na vstup nebo vys tup pfijimace. Z definice vidime, 
ze se jedna o pomer dvou vykonb, vychazi tedy su- 
mov£ clslo F jako velicina bezrozmerna* 

b) Mezni eitlivost vykonov& n 

je takovy vykon sign£lu, dodany na vstup pfijimace, 
pri kterem pomer signal/sum na vtfstupu pfijimace 
je roven jedn# (Ns /Ns = 1). M£flme-li mezni citli- 
vost sumovym generatorem, dodavame misto signalu 
sumovy vykon, a to stejne velikosti, jako dodd an- 
tena, to znamena, ze celkovy sumovy v^kon na vy- 
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APPLICATION 



The TESLA BM 410 noise generator is intended for noise 
figure and maximum sensitivity power measurements 
of quadripoles, especially of receivers and R, F. ampli- 
fiers, within the frequency range 100 kc/s to 250 Mc/s, 

DEFINITIONS; NOISE FACTOR, MAXIMUM SENSITIVITY 
POWER 

For the designation of the noise properties of quadri- 
poles (especially of receivers and amplifiers), two fac- 
tors are commonly used. The noise figure F and the ma- 
ximum sensitivity power n t These two factors are 
numerically equal and differ only in their dimensions. 
The noise factor F has no dimension, as it is expressed 
in terms of dB. The maximum sensitivity power n has 
the dimension kTo. 

a) The noise figure F (e. g, of a receiver) 

is the ratio between the overall noise power of the 
receiver and the noise power of the aerial, both in 
relation either to the input or to the output of the 
receiver. This definition means that the ratio bet- 
ween these two powers must be a variable without 
dimension. 

b) The maximum sensitivity power n 

is such a power of the signal applied to the input 
of the receiver at which the signal-to-noise ratio 
across the output of the receiver equals 1 (Ns/Nn = 
= 1). If this maximum sensitivity power of a re- 
ceiver is being measured with a noise generator, 
then instead of a signal, such a noise power is ap- 
plied to the input, the magnitude of which is equal 



stupu pfijimace je pak dvojnasobny. Jestlize pocitame 
sumovy vykon na X Hz sirky pasma Af, ma jednotka 
mezm citlivosti roznier energie, tj. W/Hz - Ws, Je-li 
antena prizpusobena prijlmaci, doda na jeho vs tup 
sumovy vykon 

Ns ^ kTo Af. 

Vztahujeme-li sumovy vykon na 1 Hz sirky pasma Af, 
obdrzime 



Nih* 



kTo . Af_ 
Af 



kTo. 



Vyraz kTo je jednotkou mezni citlivosti a pro idealnl 
prijimac je mezni citlivost vykonova rovna tomuto cislu. 
Dosadlme-Ii pak za k (Boltzmannova konstanta = 
= 1374 . lo -s a Ws/°K) a To = 291°K (teplota praeovmho 
odporu vyjadrena ve stupnlch Kelvina), obdrzime cislo 
se znamym rozmSrem vyse uvedenym: 



kTo —1,374 AO' 23 ,291 °K j = 4.10- 21 Ws = 4 ■ Ilk 21 W/Hz 

Jednotku kTo je mozno nazvat specifickym suniovym 
vykonem, ponevadz eelkovy sumovy vykon, dodany an- 
tenou, je nasobek kTo a sirky pasma prijlmace Af. 



to that supplied by the areial; this means that tbe 
total noise power across the output of the receiver 
will be double. If the noise power for a 1 c/s band- 
width is termed Af, then the unit of the maximum 
sensitivity power will have the dimension of power, 
i, e. W Uh = Ws, 



An aerial which is matched to the receiver supplies to 
the input a noise power of : 

N u =? kTo . Af 

The noise power pertaining to a bandwidth of 1 c/s, 
L e. to Af is as follows: 



Nj cU — 



kTo . Af 
Af 



= kTo 



The term kTo is the unit for the maximum sensitivity 
power and in the case of an ideal receiver, the extreme 
sensitivity power is ecjual to this value. If for k (Boltz- 
man constant — 1.374 XHb 2a Ws/°K) and for To = 
291°K (temperature of the working resistor expres- 
sed in Kelvin steps) the respective values are set, then 
as a result a number is obtained which has the above 
mentioned dimension. 



kTo = L374,10- 23 ,291 10 21 Ws = 4 . lO sl W/c/s. 

The unit kTo can be termed ..specific noice power 4 ' , as 
the overall noise power supplied by the aerial is a mul- 
tiple of kTo and of the bandwidth Af of the receiver. 
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PRINCIPIALNI SCHEMA SUMGVElIO GENERATORS BASIC DIAGRAM OF THE NOISE .GENERATOR 



Obr. 2. 





Fig. 2 . 



PRINCIP PltlSTROjE, JEHO FDNKCE A POPIS 

Sumovy generator je zdrojem sumu souvisleho kmitoe- 
toveho spcktra, jehoz mezn! kmitocty jsou urceny prvky 
pouzitych obvodft, zvIastS pouzitym zdrojem sumu. 
Vlastnim zdrojem sumu je u sumoveho generatoru 
BM 410 sumova dioda. Je to vakuova, prime zhavena 
dioda s wolframovym vlaknem, ktera pracuje v oblasti 
nasyceneho proudu, Sumova dioda pracujici v oblasti 
nasyceneho proudu pfedstavuje zdroj o nekonecnem 
vnitrmm odporu (prakticky radu MO), tj. zdroj kon- 



PRINCIPLE OF THE INSTRUMENT, ITS OPERATION AND 
DESCRIPTION 

The noise generator is a source of a continuous noise 
frequency spectrum, the extreme frequencies of which 
are determined by the components of the employed cir- 
cuits, especially by the source of noise employed, A no- 
ise generator diode is used in the BM 41.0 noise gene- 
rator as the source of noise. It is a directly heated va- 
cuum diode with tungsten cathode and operates in the 
region of saturated current. A noise diode w T hich ope- 
rates with saturated current exhibits the properties of 
a current source of infinite resistance (in actual prac- 
tice of the order of megohms), i. e. of a source of con- 
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stantmho proudu. Vzhledem k tomuto velkcmu vnitfni- 
mu odporu se vrazenlm pracovniho odporu do obvodu 
diody jeji proud nemem a je pak mozno sumove napeti 
snadno urcit z rovnice Es = Is . Ra. Sumovy proud Is 
jo umerny anodovemu proudu diody la podle rovnice 
Igg — 2e la Af. Regulace sumoveho proudu fresp. su- 
moveho vykonu) se provadl zmenou zhaviciho pfikonu. 
Tim se zmeni anodovy proud a zaroven sumove napeti 
na odporu Ra, (viz schema obr. 2). Prakticky se regu- 
lace proved! tak, ze do zhaviciho obvodu vfazujerne se- 
riov^ odpory R2— R5, a to pro regulaci stuphovitou 
a plynulou. 



Sumovy generator se skl&dd ze dvou hlavnich ceikd, 
Jsou to stabilise vane zdroje napajeclch napeti pro sri- 
movou diodu, umistene v miniaturnl kovovS skrini. 
a sonda se sumovou diodou a vymennymi pracovnimi 
odpory v nastavcich, Zhavicf napeti je stabilisovano 
magnet ickym stabilisatorern, ktcry sestava z nepresyce- 
neho a z presyceneho transformatoru TX a T2 a z vy- 
rovnavaclho k on dens atoru, (C8, CIS). 






Vinuti transformatoru T2 je zapojerto v protifazi s kom- 
pensacmm vinutim na nepresycenem transformatoru Tl. 
V pfivodech zhaviciho napeti jsou zarazeny seriove re- 
gulacm odpory a filtracni obvody. Prepmac odporu ma 
ctyfi stupne a prepind soudasne rozsahy meridla na 1, 
Z, 10, 30 mA, Proudovym rozsahem a vtfstupmm odpo- 
rem sumoveho generatoru jsou urceny stupnice na me- 



stant current. Owing to this large resistance^ the cur- 
rent of the diode does not change by the insertion of 
a series resistance into its circuit and consequently the 
noise voltage can be determined easily from the equa- 
tion En = In. Ra. The noise current In is proportional 
to the anode current of the diode la according to the 
equation In* — 2e la AL The noise current (i. e. the 
noise power) can be altered by controlling the heater 
input power. Thus the anode current is altered and 
simultaneously the noise voltage across the series re- 
sistor Ra (see the diagram in Fig. 2). In actual practi- 
ce, the control is carried out by inserting into the heater 
circuit the resistors R2 to R5 for step and continuous 
control 

The noise generator is composed of two main sections. 
The first section is a stabilized power unit which sup- 
plies all the powering voltages for the noise diode and 
is housed in a miniature metal cabinet. The second sec- 
tion is formed by a probe housing the noise diode and 
by one of the exchangeable series resistors which are 
built as plug-in adapters. 

The heater voltage is stabilized by a magnetic stabilizer 
which consists of two transformers TX and T2, the first 
of which is saturated, and of two parallel connected 
compensating capacitors (CS, CIS). 

The winding of the transformer T2 is connected in op- 
posite phase to the compensating winding of the satu- 
rated transformer TX. In the heater voltage supply are 
series control resistors and filter circuits. The resistor 
control switch has four steps and changes also the me- 
ter ranges to 1, 3, 10, 30 mA. These ranges are deter- 
mined by the current ranges and the output resistance 
of the noise generator and they are calibrated directly 
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r idle, ktere jsou cejchovany primo v jednotkAch sumo- 
v£ho vykonu kTo a v dB* Filtradnl clanky jsou zafazeny 
az za s^riovymi odpory a jsou dva. Jeden je ve zdroji 
a pusobi jako dolnofrekvencm propust na nizsfch kmi- 
toctech (od 100 kHz se cleny LI, L2, Cl -s- C4), druhy 
je primo v sonde tesne u pajecich spicek sumove diody. 
Tento doplnuje pdsobem prvniho clanku na kmitoctech 
vyssich (pusobi asi od 7 MHz). Anodove napet! pro sumo- 
vou diodu je usmerneno elektronkou E2 a filtrovano cle- 
nem C6, R7, C7. Dale je stabilisacnl obvod s odporem Rb 
a stab, doutnavkou El. V pristroji pouzivame zaporneho 
anodoveho napeti, a to z toho ddvodu, abychom pracov- 
nl odpory sumove diody mohli zapojit mezi jeji anodu 
a zem a tSm se snadno daly preplnat nebo vymehovat. 
Zaporne anodove napeti je pak pfivedeno na katodu 
sumove diody, Stred vlakna (katoda) je pro vf uzemnen 
pres kondensator C2Q vytvoreny pfimo v objimce elek- 
tronky. Zemniei bod pracovmch odporb, ktere jsou v na- 
stavcich, je umisten eo mozna nejblize zemnenl stfedu 
viakna, cimz se omezi parasitni indukcnost. V nastavci 
pro nesymetricky vystup je pracovni odpor zapojen mezi 
vystupmm kolikem, ktery je spojen s anodou sumove 
diody a plastem nastavce. Symetricke vystupm napeti se 
zlskavd az vo vstupnim obvodu prijimace; v nastavci pro 
symetricky vystup je pro druhou polovinu vstupni clvky 
pfijimacu jenom symetricke zatez, tj> poiovina pracov- 
niho odporu s kompensacni kapacitou rovnou priblizne 
kapacite sondy. Pro symetricke zapojem je zvolen vj- 
stupni odpor 300 Q t pro nesymetricky zapojenl 75 Q. 
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in terms of kTo and dB. The two filter circuits are in- 
serted behind the control resistors; the first filter cir- 
cuit is in the power supply unit and operates as a low- 
pass filter at lower frequencies (from 100 k c/s, it is 
composed of LI, L2, and Cl to Cl), the second is directly 
in the probe, near to the soldering tags of the noise 
diode and co-operates with the first filter circuit at 
higher frequencies (from approximately 7 Mc/s up- 
wards). 

The anode voltage for the noise diode is rectified by 
the tube E2 and filtered by the network formed by C6, 
R7 and C7. It passes through the stabilizer formed by 
R6 and the glow-tube El. The instrument employs negati- 
ve anode voltage in order to enable the connection of the 
series resistors of the noise diode between its anode 
and earth. Consequently, switching and exchange is fa- 
cilitated. The negative anode voltage is applied to the 
cathode of the noise diode. The centre tap of the tube 
filament (cathode) is earthed as far as R. F. is con- 
cerned, over the capacitor C£G which is formed directly 
by the socket of the diode. The earthed pole of the 
employed series resistor — which is in a plug-in adap- 
ter — is very close to the earthing point of the noise 
diode cathode, in order to limit stray inductances to 
a minimum. In the asymmetrical output adapter the re- 
sistor is connected between the output pin, which is 
connected to the anode of the noise diode, and the cover 
of the adapter. Symmetrical output voltage is produced 
in the input circuit of the receiver; in the symmetrical 
output adapter, for the second half of the receiver 
input coil there is only a symmetrical load, L e, half 
of the series resistance with a compensating capacitor 
approximately equal to the probe capacitance. For 
symmetrical connection, the output resistance is 300 
ohms and for asymmetrical connection it is 75 ohms. 



TECHNIC K£ IJDAJE 

Kmitoctovy rozsah: 
Pfesnost: 

Vystupm odpor 
nesymetricky : 



100 kHz— 250 MHz 
-h 1 dB,— 2 dB t vztazeno 
ke kmltoctu 10 MHz 



75 £2 
300 Q 



symetricky: 

Maximalm sumovy v^kon 
pro vystupm odpor 

nesymetricky: 75 Q—45 kTo 

Maximalni sumovy vykon 
pro vystupm odpor 
symetricky: 



Cejchovanf: 



Pripojeni na sit: 

Jistem tavnymi 
pojistkami: 

Prikon: 

Osazem : 
Rozmery: 

Vaha: 

Prislusenstvl; 



300 O — 45 kTo 

Meridlo je cejchovano prime 
v kTo a dB pro ctyri rozsahy: 
1,5, 4,5; 15; 45 kTo a 11—10; 
16—10; 11; 16 dB 

220 nebo 120 V ± 10 %, 50 Hz 

220 V/0,4 A t 120 V/0,5 A 
60 VA 

1X1NA31, 1X6Z31, 1X11TA31 
260X200X150 mm 
7 kg 

1 sifova snOra 1AK 641 21, 
nahradni pojistky, 

1 sonda s kabelem a konektorem 
1AK 050 91, 

1 nastavec 1AK 051 60, 

1 ndstavec 1AK 051 61, 
navod k obsluze. 



TECHNICAL' DATA 



Frequency coverage: 
Accuracy: 

Output resistance 
Asymmetrical: 
Symmetrical: 

Max. noise power with 
the asymmetrical 
output adapter 
employed: 

Max. noice power with 
the symmetrical 
output adapter 
employed: 

Calibration: 



Mains connection: 
Protective fuse: 
Power consumption: 
Tube complement: 
Dimensions: 

Weight: 

Accessories: 



100 kc/s to 250 Mc/s 

+1 dB, —2 dB, in relation to 

a frequency of 10 Mc/s 

75 ohms 
300 ohms 



75 ohms to 45 kTo 



300 ohms to 45 kTo 

The meter is calibrated directly 

in terms of kTo and dB in four 

ranges: 

1.5; 4*5; 15; 45 kTo and 11—10; 
16—10; 11; 16 dB. 

220 V or 120 V ± 10 %, 50 c/s 
220 V/0,4 A, 120 V/0.5 A 
60 VA 

1X1NA31, 1X6Z31, 1X11TA31 
260X200X150 mm 
7 kg 

1 Mains cord 1AK 641 21, 

Spare fuse cartridges, 

1 Probe with cable and 
connector 1AK 050 91 
1 Adapter 1AK 051 60 
1 Adapter 1AK 051 61 
Instructions booklet. 
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PRIFQJENf NA SlTOVE NAPETl 

Fred pripojemm pristroje k sifovdmu napeti se pre- 
svMcime, zda je pristroj prepojen na spravnd sifove 
napeti. Pfepojeni se provadi kotouckem volice napeti 
na zadni stene pristroje, Je-li tfeba pfi- 
stroj pfepojit-na jine napetl, vysroubujeme 
sroub uprostfed volice napeti, kotouc po- 
vytahneme a nalocime tak, aby cislo, uda- 
vajlci spravn£ sitove napeti, bylo pod troj- 
lihelmkovou znackou. Sroub potom opet za- 
sroubujeme a tim kotoucck zajistinie. Je-ii 
volic napetl v poloze, nakreslenG na obr. 5, 
je pristroj prepojen na 220 V. Vedle sitove 
pfivodky je umis teno pouzdro sitove pojist- 
ky. Ffi zmene si£ov£ho napeti je tfeba rovnez zkontro- 
iovat hodnotu pojistky. Hodnoty pojistek pro sitova 
napeti £20 V a 120 V jsou uvedeny v odstavci „TECH- 
NICKE ODAJE“. Spojeni kostry pristroje s ochrannym 
vodicem je provedeno tfetlm vodicem v sitove shbfe, 

MMENl 

Fred rnefenfm je tfeba pripojit k pfistroji sondu, obsa- 
hujicl vlastnt sumovou diodu, Sonda D (obr. 1) je se 
zdrojem napajeciho napeti spojena kabelem, zakonce- 
nym nezamennou konektorovou zastrckou, kterou pripo- 
jime do konektorove zasuvky na panelu pristroje. Podle 
vstupu mefenebo prijlmace vybereme vhodny zatezovaci 



CONNECTION TO THE MAINS 

Before connecting the instrument to the mains, it is 
necessary to ascertain that it is switched to the avail- 
able mains voltage. The voltage setting of the instru- 
ment can be changed with the disc o£ the 
selector which is on the back panel of the 
instrument. When the voltage setting of the 
instrument has to be changed, then the 
screw in the centre of the voltage selector 
has to be removed, the disc pulled out and 
turned so that the number indicating the 
available mains voltage is below the tri- 
angular mark. Then after pushing the disc 
home, the screw has to be screwed in again, 
thus securing the disc. If the voltage selec- 
tor is in the position shown in Fig. 3, then 
the instrument is switched to 220 V. Next 
to the mains connection is the fuse holder with the 
mains fuse. Whenever the mains voltage setting of the 
instrument is changed, the fuse cartridge must be ex- 
changed, The correct ratings of the fuses for £20 V and 
120 V are listed in the section ..TECHNICAL DATA**. 
Connection of the instrument frame-work to the protec- 
tive conductor of the mains is carried out by the third 
conductor of the mains cord. 



MEASUREMENTS 

Before commencing a measurement, the probe must be 
attached to the instrument. The probe D (Fig. 1) houses 
the noise diode which is connected to the source of the 
required powering voltages by a cable terminating in 
a multiple connector plug which has to be inserted into 
the respective socket on the panel of the instrument, , 
According to the input circuitry of the receiver to be 




Obr. 3. Fig. 3. 
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odpor (symetricky nebo nesymetrieky), Nastavec se 
zatezovacim. odporem nasuneme na sondu a zajistime 
prevlecnou matici. Pristroj zapiname a vypinamc vypi- 
nacem H, pri cemz prepinac rozsahu E musi byt v po- 
loze 45 kTo, (Toto omezem je nutnd z duvodti ochrany 
mefidla pfed nabijeeimi a vybijeeimi proudy filtraemch 
kondensatorti.) Chod pristroje indikuje kontrolm larov- 
ka I umistena na panelu, Pfed meremm nechame prl- 
stroj as! 10 az 15 minut tepelne ustalit. 

Pro urychleni a usnadnen! mereni se sumovym genera- 
torem je vestaveno do pristroje tlacitko G, zapinajici 
zdroj sumu, takze neni nutno pfi merenl sondu od 
me fen eh o objektu odpojovat. Tim se take umozni snadne 
a rychle opakovani mef eni a navic se prodluzuje zivotnost 
sumove diody, jez je zavisla na dobe provozu, Fouzitim 
tlacitka se doba mereni omezi na dobu nezbytne nutnou. 
Nedoporucuje se, aby zdroj sumu byl jednorazove zapi- 
nan po dobu delsi nez 10 vterin, nebot se tim snizuje 
zivotnost sumove diody a zvlaste stabilisatoru El. Toto 
omezem nutno dodrzet na rozsahu 15 kTo (30 mA), me- 
n-li se v prvni polovici stupnice mefidla. 



tested, the suitable adapter is selected (symmetrical or 
asymmetrical), the series resistor of which houses the 
noise diode. The adapter must be attached to the probe 
and secured with the sleeve nut provided for the pur- 
pose. The instrument is switched on/of f with switch H, 
whereby the switch E has to be in the position 45 kTo. 
(This limitation is necessary to protect the meter from 
charging and discharging currents of the filtering ca- 
pacitors,) When the instrument is operative, the pilot 
lamp I on the panel glows. Before commencing the 
actual measurement, approximately 10 to 15 minutes 
should elapse to achieve thermal stabilization of the 
instrument. 

To speed-up and facilitate measurements with the noise 
generator j a push-button G is provided which switches 
the noise source, so that it is unnecessary to keep dis- 
connecting the probe from the measured object during 
the measurement. Thus also easy and speedy repetition 
of the measurement is facilitated and the service life of 
the noise diode is increased, this obviously depends on 
the actual number of operational hours. By the use of 
the push-button, the measurement can be limited to 
the essential minimum. It is not recommended to keep 
the diode operating for periode longer than 10 seconds, 
as this would cause considerable wear of it and also of 
the stabilizer tube El. This limitation must be adhered 
to when the range of 45 kTo (30 mA) is selected and 
the result of measurement lies within the first half of 
the meter scale. 
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Mereni citlivosti pfijimaee. 



Receiver sensitivity measurement. 



P ouz it£ pr 1 stro j e : 

1* Mereny prijimae 

2. Sumovy generator TESLA BM 410 

5, Ni voltmetr TESLA BM 310 (210) 



Instruments employed: 

1. The receiver to be measured 

2. Noise generator TESLA BM 410 

3. A, F. voltmeter TESLA BM 310 (210) 



Obr, 4, 




BM k 10 



BM 310 




Fig. 4* 



Pri mereni postupujeme takto: 

Vsechny pftstroje zapneme a nechame tepelne ustalit. 
Na vstup pfijimaee pripojlme sondu sumoveho genera- 
tor^ na vystup nizkofrekvencnf voltmetr. Nejdflve ode- 
cterne na vystupmm voltmetru sumove napeti pfi vy- 
pnutem napajem sumove diody (tlacltko G nestlaceno>. 
Prepinac rozsahu E (hrube) pfepneme na rozsah l h 5 kTo 
a potenciometr F (jemne) vytocime doleva, Nyni stisk- 
neme tlacitko G a prepinaGem E a potenciometrem F 
nastavlme takovou hodnotu sumoveho vykonu, az ddaj 



The measuring procedure is as follows: 

All the instruments must be switched on and left ope- 
rating for some time to achieve thermal stabilization. 
The probe of the noise generator then has to be con- 
nected to the input of the receiver, the output of which 
operates into the A, F, voltmeter. First the noise vol- 
tage of the receiver is read on the scale of the output 
voltmeter with the diode of the noise generator swit- 
ched off (the push-button G is not depressed). The 
range switch E (coarse) is set to the range 1.5 kTo and 
the potentiometer F (fine) is turned to its extreme 
counter-clockwise position. Then the push-button G has 
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vystupmho voltmetru je 1,4 X vetsi nez udaj pfi vypnu- 
tem sumov^m generators Tim jsme zvysili sumovy vy- 
kon na dvojnasobek, cili jsme dodali stejny sumovy 
vykon jako vykazuje pfijimac. Sumove cislo se pak 
odecte pflmo na, mefidle. 

Pro polohy pfepinace E — 1,5 a 15 kTo plati stupnice 
mefidla 15 kTo, pro polohy 4 T 5 a 45 kTo plati stupnice 
mefidla 45 kTo, 



Odecteni sumoveho cisla v decibelech: 

V polohach pfepinace E — 11 a 16 dB odecRame primo 
na stupnici mefidla 11 a 16 dB. V polohach (11—10) dB 
a (16 — 10) dB muslme od udajd na stupnici mefidla 
odecfst 10 dB. 

Pfiklad: ! 1,1 

Pfeplnac E v poloze (16—10) dB, odectena hodnota na 
stupnici 16 dB je 12,6 dB — sumove cislo prijimace 
je (12,6—10) dB = 2,6 dB, 



V pflpade, ze nedostaduje vykon sumoveho gener&toru 
ke zvyseni vychylky vystupnlho sumu na hodnolu l h 4X 
vetsi, nastavime sumovy vykon na maximum a pocitame 
sumove cislo F z namerenych hodnot podle vzorce: 







F = 20 . I * R . 



to be depressed and with the switch E and the poten- 
tiometer F, such a noise power is adjusted that the 
reading on the output voltmeter is 1,4 times larger than 
it was without the noise generator employed. Thus, the 
noise power has been doubled, L e. the same noise po- 
wer has been added as the inherent noise power of the 
receiver. Then the noise figure can be read directly on 
the scale of the meter. 

The 15 kTo scale of the meter corresponds to the set- 
ting of the switch E to 1,5 and 15 kTo: for the settings 
4.5 and 45 kTo, the 45 kTo scale is applicable. 



Ascertainment of the noise figure F in dB: 

With the switch E in the positions 11 and 16 dB, it is 
possible to read directly on the 11 and 16 dB scales of 
the meter. With the switch in one of the remaining po- 
sitions, i. e. (11—10) dB or (16—10) dB, it is necessary 
to subtract 10 dB from the reading. 

Example: 

The switch E is set to the position (16—10) dB, the 
reading on the 16 dB scale of the meter is 12.6 dB. The 
noise figure F of the receiver is 12.6 minus 10 dB — 
= 2,6 dB. 



If the power supplied by the noise generator is insuf- 
ficient for increasing the output voltmeter indication 
to a value 1.4 times greater (than it was without the 
generator applied), then the maximum possible noise 
power has to be adjusted and the noise figure F calcu- 
lated from the results of the measurement as follows: 



F = 20 . I . R 
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— vlastni sumovd napetl pfijlmace (V) 
ei — celkove sumovd napeti po zapnuli sumoveho 
generator'll (V) 

R — vystupm odpor sumoveho generatoru 

F 0 — max, sumove cislo, ktere udava stupnice meridla 

I — proud sumove diody 

Je~li vstupni odpor pfijlmace Rp rozdilny od vystup- 
nlho odporu sumoveho generatoru R ( vypocteme spravne 
sumov£ cislo F ze vzorce 




Fx . . , namer end suniovd cislo. 

Urcem mezni citlivosti pfijimaeu v juV. 

Zname-li sumove cislo pfijlmace F, resp. mezni citli- 
vost n, muzeme vypocist mezni citlivost e 5D v ftV (pro 
pomer signalu k sumo =1) podle vzorce: 

E„ = V'4 kTo , Rp . A f ,’n = 

E„ 0 - 1,265 . 10- 30 V Rp . AR n”” 

Rp — vstupnl odpor pfijlmace 

Af — slrka pasma pfijlmace 

n — mezni citlivost vykonovci — sumovd cislo F 

Rychleji zjistlme mezni citlivost z grald (Str. 19, 20). 
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e 0 = the inherent noise voltage of the receiver (V), 

™ the overall noise voltage with the noise generator- 
switched on (V) 

R = output resistance of the noise generator (ohms) 
Fo — max. noise figure read on the scale of the meter 
J = current of the noise diode 



If the input resistance Rr of the receiver differs from 
the output resistance R of the noise generator, then the 
correct noise figure can be calculated from the formula: 



F = 4 Fx 



Rr 

R 



( 



R 

R -I- Rr 




Fx = the measured noise figure. 



Ascertainment of the maximum sensitivity of a receiver 
in pV. 

If the noise figure F or the maximum sensitivity power 
n is known, then the maximum sensitivity E a * expressed 
in terms of jwV (i. e. for a signal-to-noise ratio = 1) 
can be calculated from the formula: 

E„ = V 4 kTo . Rr . f . n = 

E s „ = 1.265 . 10- 1 " Vri-. Af ,n 

Rr = The input resistance of the receiver. 

Af = The bandwidth of the receiver, 
n = Max. sensitivity power = noise figure F. 

For speedier ascertainment, the graphs in Figs. 19 and 
£0 can be used. 



Pro kazdy z vystupnich odporti sumoveho generatoru 
300 Q a 75 Q je zvlastm graL Na svisle ose grafu je 
vynesena sirka pasma Af v kHz, na vodorovne ose su- 
move cislo F (= meznf citlivost vykonova n) a v jejlch 
pruseciku na sikmych carach odecteme mezni citlivost 
v ^V. 

ff* 

Mereni sumoveho clsla FM prijimacd. 

FM pfijimace pouzfvaji na rozdil od AM pfijlmacd 
zvlastni funkcni celky, jako omezovac amphtudy a dis- 
krimin&tor. Pfi mereni sumoveho clsla by mohl omezo- 
vac zp&sobit znacnou chybu omezemm amplitudy sumu, 
a proto se doporucuje merit vystuprri sumove napeti 
prod omezovacem. Jinak je postup mereni stejntf jako 
u AM pnjlrnacu, 

Je mozno ovsem merit vystupni sumove napetf i na nf 
vystupu prijimace, ale musime mit pfi tom jistotu, ze 
behem mereni nenastalo omezem amplitudy, 

Mereni sumoveho cisla vf zesilovacu* 

Sumove cislo vf zesilovacd mdzeme merit sumovym ge- 
neratorem s pouzitim prijimace, jehoz sumove cislo 
zname nebo zmerime uvedenym postupem. 

Postup mereni a zapojeni pnstroju je nasledujici: 
Pouzite pflstroje: 1. vf zesilovac 

2, sumovy generator TESLA RM 410 

3, pfijimac 

4, nf voitmetr TESLA BM 310 



For each output resistance of the noise generator (300 
or 75 ohms) there is a separate graph. On the vertical 
axis are the bandwidths AE in kc/s and on the horizon- 
tal one the noise figures F “ maximum sensitivity po- 
wer n). At the intersections on the inclined lines are 
the respective sensitivities in ftV> 

Noise figure measurements of FM receivers, 

FM receivers employ functional units which differ from 
those of AM receivers. These are the amplitude limiter 
and discriminator. In a noise figure measurement, the 
limiter could cause a considerable error by limiting the 
amplitude of the applied noise. Therefore, it is recom- 
mended to carry out the measurement of the output 
noise voltage in front of the limiter. Otherwise the pro- 
cedure is the same as with AM receivers. 

It is possible, oE course, also to measure the noise vol- 
tage across the A. F. output of the receiver, but it must 
be ensured that no amplitude limitation will take place 
during the measurement. 

Noise figure measurements of R. F. amplifiers. 

The noise figure of R. F. ampliEiers can be measured 
with the noise generator, provided a receiver is used 
in the setup, the noise figure of which is known or has 
been measured previously as described above. 

The procedure of the measurement is as follows: 

Instruments employed: 

1, The R. F. amplifier to be 
measured 

2. Noise generator 
TESLA BM 410 

3. Receiver 

4, A, E\ voltmeter TESLA BM310 
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B» 410 



Obr, 5. 




a) mefenim podle zapojem 1) zjistime sumove cislo pfi- 
jimace F2 t 

b) mefenim podle zapojeni 2) urfiime celkove sumove 

cislo F. x 

c) nezname-li vykonov£ zesilen! Az vf zesilovace, zme- 
rime je dodatecne* 

d) z namerenych hod not vypocteme sumove cislo v£ ze- 
silovace FI ze vzorce: 




Az 
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. - F 2 OH 3to 




a) With the setup according to 1) in Fig- 5 the noise 
figure F2 of the receiver is ascertained. 

b) With the setup according to 2) in Fig. 5, the overall 
noise figure F of the amplifier and of the receiver 
is ascertained. 

c) If the power amplification Az of the K. F. amplifier 
is unknown, then it has to be measured additionally. 

d) The noise figure FI of the R. F. amplifier is calcu- 
lated from the formula: 

F2 — 1 



FI = F — 



Az 



Vymena sumove diody. 



Musi-li byt sumova dioda vymenena (pferusene zhaveni, 
ztr&ta emise, coz se projevi nulovou vychylkou mefidla), 
vysroubujeme oba sroubky v dolni casti pouzdra sondy 
a vysuneme ji i s vestavenou sumovou diodou, ktera je 
nynl pristupna, Po vymene je nutno znavu nastavit re- 
gulacni prvky ve zhavicim obvodu sumov£ diody* Na- 
staveni zhaviciho proudu se provadi zmensenim nebo 
zvetsenim s£riov£ho odporu R4, 

Postupujeme Lakto: 

Fristroj vyjmeme ze skfmky a obratime tak, abyehom 
videli pod chassis. Asi uprostfed chassis jsou upevneny 
odporove karty se seriovymi odpory. Frvni od pfepinace 
je odpor R4 s osmi odbockamL Vodic pfipojeny na ne- 
kterou z odbocek odpajime a posuneme nahoru nebo do- 
lu. Nastavem provadime pfi sifovem napeti 220 V, a to 
tak, aby v krajnich polohach regulacnfho odporu F 
(proud sumove diody — jemne) rucka mefidla na pane- 
lu sumov#ho generatoru ponekud presahovala plnou vy- 
ebylku a dole sla pod J / 1U pine vychylky. Pfi zmene si- 
tove napeti o f 10 % must dosahovat aspoh techto hod- 
no t* 

Stejne postupujeme, zmenMi se samovolne zhavici 
proud sumove diody, napr, zmenou jejich parametrti. 
Na puvodni bodnoty uvedeme anodovy proud sumove 
diody posunutim odbocky na odporu R4* 

^ Nemem-li se pfi jemnem nastavovani zhaviciho napeti 
plynule velikost anodoveho proudu sumove diody, je 



\ 

Exchanging the noise diode. 

If the noise diode has to be exchanged for some reason 
(broken heater, loss of emission, etc. indicated by zero 
deflection of the meter), then the two screws in the hot- 
tom part of the probe casing must be removed and the 
diode withdrawn to render it accessible* After the ex- 
change, the controls in the heater circuit of the noise 
diode must be adjusted anew. The heater current can 
be adjusted by increasing or lowering the series resi- 
stance R4 fc 



The procedure is as follows: 

The instrument is taken out of its case and turned up^ 
side down to enable the components below the chassis 
to be seen. Approximately in the middle of the chassis 
are resistor sets with series resistors. The resistor R4 
with eight taps is the one nearest to the switch. The 
conductor soldered to one of the taps must be unsolde- 
red and its position altered. This adjustment has to be 
carried out with the instrument connected to 220 V, 
With the control resistor F (current control of the 
noise diode — fine) in the extreme positions, the needle 
of the meter must swing slightly beyond the maximum 
of the scale and below Viuth of the full-scale deflection. 
When the mains voltage fluctuates by ± 10 % T at least 
these deflections must be obtained. 

The procedure is the same if the heater current has 
changed of its own accord, e. g. by changes in the noise 
diode characteristics. The original anode current of the 
noise diode can be adjusted by repositioning the tap of 
the resistor R4. 
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pravdepodobne znoeistena kontaktn! draha potenciomet^ 
ru Ro (knoflik F) a je nutno ji lehce ocistit velmi jem- 
nym smirkovym platnem. 



Upozorneni. 

Vzhledem k narokdm na konstrukcni provedem sondy 
s ohledem na pozadovand vlastnosti je nutno proyadet 
vymenu nastavcd pri nestlacenem tlacitku. 



If a continuous change of the noise diode anode current 
is not noticed during the fine adjustment of the heater 
voltage, then probably the contact track of the poten- 
tiometer R5 (control F) is soiled and will have to bo 
cleaned carefully with very fine emery paper. 

Note, With regard to the design of the probe and to 
its required properties, the adapter has always to be 
exchanged with the push-button G not depressed. 
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Noise faclor F f mox sensitivity power n { kTo ) 
Sumove ctslo F mezni vykonova citlivost n j>To) 



GRAF PRO MEZNl CITLIVOST (pV) 
VSTUPNl ODPOR PRlJlMACE 75 li 

GRAPH OF THE MAXIMUM SENSITIVITY (juV) 
INPUT RESISTANCE OF THE RECEIVER 75 




k 
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Notse factor F t max. sensitivity power n (kTo) 
Sumovc cfslo F ( mezni vykonova citiivost n(kTo) 



Resistors: 



LIST OF ELECTRICAL COMPONENTS 



No. 

Rl 

R£ 

R3 

iu 

R5 

R6 

R7 

R8 

RIO 

Rll 

R12 

R13 

R14 

R26 



Type 



Wire-wound 

Resistor 

Resistor 

Resistor 

Potentiometer 

Wire-wound 

Wire-wound 

Carbon layer 

Wire-wound 

Wire-wound 

Carbon layer 

Carbon layer 

Carbon layer 

Carbon layer 



Value 


Max. 

load 


Tolerance 
± % 


Standard CSSR 


6.8 kfl 


8 W 


10 


TR 616 6k8/A 


0.65 £2 




10 


1AK 669 17 


2X0,73 £2 


. — 


10 


1AK 669 18 


1.5 £2 





10 


1AK 669 19 


2.1 £2 





— 


IAN 690 10 


2.2 k£2 


8 W 


10 


TR 626 2k 2/A 


1.5 k£2 


8 W 


10 


TR 639 Ik 5/ A 


220 £2 


0.5 W 


10 


TR 102 220/A 


8.2 k£2 


4 W 


10 


TR 504 8k 2/ A 


6.6 k£2 


8 W 


10 


TR 608 6k8/A 


75 £2 




1 


1AK 650 42 


150 £2 




1 


1AK 650 44 


150 £2 


— 


1 


1AK 650 44 


22 £2 


0.25 W 


10 


TR 101 22/A 



No. 


Type 


Value 


Max t D. C. 
voltage 


Tolerance 
± % 


Cl 


MP box-type 


2 




1G0 V 




C2 


MP box-type 


2 




160 V 


— 


C3 


MP box-type 


2 


n F 


160 V 


— 


C4 


MP box-type 


2 




160 V 




C5 


Electrolytic 


100 




12 V 




C6 


Electrolytic 


50 




250 V 


— 


C7 


Electrolytic 


16 


(iF 


350 V 


— ~ 


C8 


MP box-type 


1 


f* F 


1000 V 


— 


C9 


Ceramic 


4.7 pF 


500 V 


5 



Standard CSSR 



TC 455 2M 
TC 455 2M 
TC 455 2M 
TC 455 2M 
TC 944 G1 
TC 528 50 M 
WK 705 £5 16 M 
TC 487 1M 
TK £10 4J7/B 
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No, 


Type 


Value 


Max. D. C, 
voltage 


Tolerance 
± % 


Standard CSSR 


C12 


Feed-through 


2200 


pF 


250 V 


__ 


TK 536 2k 2 


€13 


Feed-through 


2200 


pF 


250 V 





TK 536 2k 2 


€14 


Feed-through 


2200 


PF 


250 V 


— 


TK 536 2k 2 


C15 


MP box-type 


1 




1000 V 


— 


TC 487 1M 


C16 


Paper 


0.1 j«F 


400 V 


— 


TC 122 Ml 



The capacitors C20 to C22 are formed by the constructional elements of the probe. 



Transformers and coils: 



Part 


Mark- 

ing 


Drawing No. 


Winding 


No. of tap 


No r of 
turns 


Wire 0 
in mm - 


Transformer 


T1 


IAN 661 72 










Coil 




1AK 622 75 


LI 


1^ 2 


1100 


0,300 








L2 


3— 4 


45 


0,900 


Transformer 


T2 


IAN 6G1 73 










Coil 




1AK 622 74 


L1A 


1— 2 


450 


0.335 








LIB 


■ 2“ 3 


370 


0.335 








L2A 


4— 5 


1040 


0.125 








L2B 


5™ 6 


1040 


0,125 








L3 


7 — 8 


25 


0.56 








L4A 


9—10 ■ 


5 


0.9 








L4B 


10—11 


1 


0.9 








L4C 


n— 12 


1 


0.9 








L4D 


12—13 


1 


0.9 


Coil 


LI 


1AK 600 29 


LI 


1— 2 


45 


0*800 


Coil 


L2 


1AK 600 29 


L2 


1— 2 


45 


0.800 


Coil 


L3 


1AK 600 30 






5,5 


0.800 


Coil 


L4 


1AK 600 30 






5,5 


0.800 
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Other electrical components: 



Component 


Type-Value 


Drawing No. 


Tube El 


11TA31 




Tube E2 


6Z31 




Tube E3 


1NA31 




Glow-lamp 


6 V/0.05 A 


IAN 109 12 


Meter 


— 


1AP 780 59 


Fuse cartridge P 


0.4 A/250 V for 220 V 


CSN 35 4731 


Fuse cartridge P 


0,5 A/250 V for 120 V 


CSN 35 4731 
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